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Abstract The paper presents an active control system that counteracts the development of chatter
vibration. The vibration amplitude depends on the dynamic properties of the machine tool, cutting
tool and work-piece. In the paper we analyze the case when the loss of machining stability is caused
by the work-piece. The proposed active control system employs electromagnet or piezoelectric
actuator to suppress vibration during milling. The active control introduces damping into the system,
thereby raising the critical depth of cut and reducing forced vibration amplitude. It enables stable
cutting under a much wider range of cutting parameters that for the uncontrolled system. Cutting
tests are performed on JAFO FYN-50 machine with mill DIN 845 B-25 K-N HSS to demonstrate
an eﬀectiveness of the proposed systems. c© 2012 The Chinese Society of Theoretical and Applied
Mechanics. [doi:10.1063/2.1204307]
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The self-excited vibration phenomena is a serious
problem in modern machining. The cutting force can
achieve a very high level in a completely uncontrolled
way. This process is usually quick and can take only
a few turn of mill. In this state machining cannot be
continued because of negative eﬀects. The most impor-
tant of them is the loss of machining accuracy which is
unacceptable. On the machined surface, the scratches
and high amplitude waves can be observed on the work-
piece surface. In result the quality of surface is very low.
Moreover, operating with high level of cutting force lead
to shortening of the tool life and is accompanied by an
unacceptable acoustic emission levels. Regenerative ef-
fect is considered as the main reason of loosing milling
stability.1
Methods of vibration suppression in machining may
be classiﬁed into a few groups. The ﬁrst of them in-
cludes methods based on reducing the eﬀect of the phase
shift between the outer and inner modulation through
relevant varying the spindle speed.2,3 The next includes
methods based on adaptive control of the feed rate.1,4
A separate group is composed of methods to control
the energy ﬂow in the MT-CP system through chang-
ing the tool geometry especially in cases where cutting
tool with many cutting edges is used. There is a pos-
sibility to modify the cutting insert angle or using un-
even angular distance between them.5 The results are
comparable to this when the spindle speed is intention-
ally changed. Using diﬀerent passive and active vibra-
tion absorbers to reduce vibration level also is possible.6
The latter group also includes employing modern ma-
terials, such as magnetostatic and electrostatic bear-
ings and guidelines,7 piezo elements, “smart” materi-
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als and rheological ﬂuids.8 These methods are based on
the assumption that vibrostability of the MT-CP sys-
tem may be shaped by introducing an additional active
element to change the dynamics of the mass-damping-
spring (MDS) system.
In this paper use of vibration absorber during ma-
chining to suppress work piece vibration is presented.
The work piece exhibits low stiﬀness on one axis and
therefore is responsible for chatter vibration which oc-
curs on this direction. Active vibration absorber is at-
tached to increase vibrostability limit. Two diﬀerent
types of absorbers were examined with piezostack and
electromagnet. The ﬁrst piezostack is used as the active
element, whilst second is constructed with electromag-
net.
The vibration absorber is an additional mechanical
device that is attached to the work piece and is able to
counteract the vibrations. Self-excited vibrations usu-
ally appear at a frequency being close to one of the
natural frequencies of the system. For this reason pas-
sive vibration absorbers are systems with one degree of
freedom tuned to the given chatter frequency and is able
to counteract the vibrations only over a narrow range
of frequencies. As the chatter frequency depends on
conﬁguration of the MDS system and may alter during
the machining process , the passive absorber is not able
to counteract eﬀectively the chatter due to mistuning.
Active absorbers, on the other hand, are more eﬀective
and ﬂexible. They produce additional vibrations that
are superimposed on the chatter, which results in a re-
duced level of vibrations.
To assure active properties of the absorber the piezo
stack is used. In Fig. 1(a) the block diagram of the piezo
absorber attached to the work-piece is presented. The
work piece with mass m1 and damping and spring co-
eﬃcients c1, k1 is excited by the time varying cutting
force Fcut(t). In result the vibration x1(t) is obtained.
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Fig. 1. (a) Block diagram of vibration absorber attached to
the work-piece, (b) Section view of the eliminator design.
To suppress amplitude of vibration the pizeo absorber
with mass, damping and spring coeﬃcients m2, c2, k2
is attached to the base system. By the control of the
piezo voltage u(t) the additional force Fp(t) is intro-
duced to the system. Therefore the dynamics prop-
erties of whole system (work-piece with absorber) can
be modiﬁed, for example, to increase damping at fre-
quency range in vicinity of natural frequencies. The
PST-1000/16/150 VS25 from Piezomechanik GmbH is
used with 147 mm length, 150 μmmax stroke, 50 N/μm
stiﬀness and 15 kN max load. The system is deﬁned by
the following equation
Mx¨(t) +Cx˙(t) +Kx(t) = F (t), (1)
where
M =
[
m1 0
0 m2
]
, C =
[
c1 + c2 −c2
−c2 c2
]
,
x =
[
x1
x2
]
, F =
[ −Fcut(t) + Fp(t)
−Fp(t)
]
,
K =
[
k1 + k2 + kp −k2 − kp
−k2 − kp k2 + kp
]
. (2)
The piezo element is driven by the LQG9 controller
based on the linearized mathematical model of the sys-
tem. In Fig. 2 Bode plots for the system with and with-
out control are presented. As may be seen, the cor-
rected system is characterized by smaller displacement
amplitudes for f1 and f2 frequencies. In result the vi-
brostability limit is increased and the machine can be
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Fig. 2. Bode plots for system with (solid line) and without
(dashed line) LQG controller (a) amplitude; (b) phase.
operated with higher parameters value without the risk
of self-excited vibration occurrence.
In this case the electromagnet is used as an active
element. Block diagram and section view is presented
in Fig. 3. Two electromagnet are connected in push-
pull conﬁguration. In this way the higher value of the
resultant electromagnet force Fel(t) = Fel1(t) − Fel2(t)
can be obtained and the natural reduction of nonlinear
electromagnet properties can be observed. The power
ampliﬁer is used to drive the electromagnet with current
i1(t) and i2(t).
Motion of the system is governed by the equation2
Mx¨(t) +Cx˙(t) +Kx(t) = F (t). (3)
where
M =
[
m1 0
0 m2
]
, C =
[
c1 + c2 −c2
−c2 c2
]
,
x =
[
x1
x2
]
, F =
[ −Fskr(t) + Fel1(t)− Fel2(t)
−Fel1(t) + Fel2(t)
]
,
K =
[
k1 + k2 −k2
−k2 k2
]
. (4)
The controller of the electromagnet current is based on
a suboptimal pole placement described in Ref. 10 for
linearized model of this system.
The results of vibration reduction using an electro-
magnetic and piezo absorber are veriﬁed by tests on
a numerically controlled JAFO FYN-50 machine tool.
The milling is executed with cutting tool DIN 845 B-25
K-N HSS with nominal parameters without cooling.
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Fig. 3. (a) The model of the electromagnetic vibration
absorber; (b) The construction of the electromagnetic vi-
bration absorber.
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Fig. 4. Work-piece displacement x1(t) and control volt-
age u(t) in milling with (from 0 s to 5 s, from 9 s to 14 s)
and without (from 5 s to 9 s) active control system. Ma-
chining parameters: ap = 2.8 mm, fz = 0.05 mm/tooth,
n = 3.17 r/s.
In Fig. 4 work-piece displacement time series plot
during milling is presented. Using the active piezo vi-
bration absorber allows to reduce level of vibration.
The piezo control voltage is bounded within permissible
range 0–1 000 V.
In Fig. 5 the work-piece displacement and electro-
magnet current during machining is presented. The re-
sults are obtained with using the electromagnetic vibra-
tion absorber. The experiment was conducted in similar
way to that with piezo absorber. The ﬁgure shows in
extension a moment when the controller is turned on.
Reduction of vibration level can be observed at 5.2 s
when the controller is turned on. Using electromagnetic
vibration absorber allows to decrease vibration and im-
prove machining condition.
In both cases the experiment was conducted suc-
cessfully for diﬀerent value of depth of cut, spindle speed
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Fig. 5. Work-piece displacement x1(t) and electromagnet
current i1(t), i2(t) in milling with and without active control
of vibration with electromagnetic absorber. Machining pa-
rameters: ap = 2.0 mm, fz = 0.07 mm/tooth, n = 5.08 r/s.
and feed rate, only sample plots are presented in the ﬁg-
ures.
In this paper two designs of the vibration absorber
are presented. Both systems eﬃciently reduce vibra-
tion level and allow to increase machining parameters.
Therefore, productivity of the whole machine tool is also
increased. However its range of application is limited to
such type of work-pice where the dominant vibration di-
rection could be easy determined. The main drawback
of the electromagnetic absorber is possibility of clos-
ing air gap by contacting the electromagnet core with
body element. This could be observed especially in the
initial phase when only one cutting edge is full active.
Using piezolement allows to build absorber with a very
compact and high dynamics especially in high frequency
rang. Unfortunately piezo stack and high voltage power
ampliﬁer are very expensive nowadays. The presented
results bring out an improvement in ultimate machining
parameters at which vibrostability is being lost. A dis-
tinct increase in the maximal depth of cut value should
be pointed out, which means higher parameters featur-
ing machining independently of the spindle speed.
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